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(54) Process and apparatus for controlling reaction temperature 

(57) A reactor arrangement and process for indi- 
rectly contacting a reactant stream with a heat 
exchange stream uses an arrangement of corrugated 
heat exchange plates to control temperature conditions 
by varying the number and/or the arrangement of the 
corrugations along the plates. The reactor arrangement 
and process of this invention may be used to operate a 
reactor under isothermal or other controlled tempera- 
ture conditions. The variation in corrugation arrange- 
ments within a single heat exchange section is highly 
useful in maintaining a desired temperature profile in an 
arrangement having a cross-flow of heat exchange 
medium relative to reactants. The corrugations arrange- 
ment eliminates or minimizes the typical step-wise w _ 
approach to isothermal conditions. 
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Description 

FIELD OF THE INVENTION 

chem,cal reac,ors for ,he convers,on ° f a reac,i ° n ,,uid ^ »** 

BACKGROUND OF THF INVENTION 

whr-h T V ind | US,n !, S - Nke ,hS P e, '°*em ICa i and chemical industries tor instance, the processes employ reactors in 
wh,ch chem^ca reactions are effected in the components of one or more reaction fluids under given temperature and 
pressure conditions Many of these reactions generate or absorb heat, to various extents, and are therefore exother- 
mic or endotherm,c The heating or chilling effects associated with exothermic or endothermic reactions can positively 
or negatively affect the operation of the reaction zone The negative effects can include among other things poor prod 
uct production deactivation of the catalyst, production of unwanted by-products and. in extreme cases, damage to the 
eact,on vessel and associated piping. More typically, the undes.red effects associated with temperature changes will 
reduce the selectivity or yield of products from the reaction zone 

nn.£? SOM 'T co . n,rollin 9 ,he cnanaes in temperature associated w,th the heats of various reactions has been to 
Trl T^T T reac,ion , zones Wl,h intermediate heating or cooling between the different reaction zones In 
each adiabatic reaction stage, all of the heat liberated or absorbed during the reaction ,s transmitted directly to the reac- 
rve luid and the reactor internals The degree of heat release and the tolerance for temperature change determines 
the total number of adiabatic reactor zones required in such arrangements Each zone or adiabatic stage of reaction 
adds s,gn,f,cantly to the overall cost of such a process due to the equipment expense of adding piping and heaters or 

TLVT S, T S °' hea ' ,ranSter ,0 3 reaCtant ,hat P3SSes throu 9 h the -action zonel. Therefore 
T^U f ?, 6PS ' S 7' SUCM SVStemS ° Her 31 beSt 3 stepwise a PP f0ach t0 isothermal or other control- 

led emperature conditions. Moreover, the breaking up of a reaction zone into a senes of reactors with intermediate 
heating or cooling of reactants. especially interferes with reactor arrangements that have continual addition and with- 
drawal of catalyst from the reaction zone. 

Other solutions to the problem of temperature control under the influence of different heats of reaction have 

,Z 1 hf °h I 6 "' h ! a '^ ° r C0 °" n9 W " h,n the reaC, ' 0n ZOne Direct nea,in 9 * coo, ' n 3 "Mi"* a compensating 
2 3 * e ? lona '' y d '^ fem heat ^^ement that occurs simultaneously w,th the principal reaction The 

h ^ 9 ( ° n ,S 831 rel6aSe ° r h8at adso 'P fl0n ,r °™ the principal reaction One of the simplest forms 
of such an arrangement ,s an endothermic proess that uses oxrtation of hydrogen to heat reactants in an endothermic 

™ _ Ano,ner ^ olu, ' 0 "/ las b ^n the indirect heating of reactants and/or catalysts w.thin a reaction zone with a heating 

™"* 3 TfTrl m0S ' We " kn ° Wn Catalyt ' C reaCt0,S °' ,h ' S type a,e ,ubular arrangements that have fixed or mov- 
ing bed catalysts The geometry of tubular reactors poses layout constraints that require large reactors or limit through- 

Indirect heat exchange has also been accomplished using thin plates to define channels that alternately retain cat- 

e rh?nn»n! a t C ir th Z 3 T ** beaU " g °' CO °' in 9 the reac,ants and catalysts. Heat 

exchange plates ,n these indirect heat exchange reactors can be flat or curved and may have surface variations such 

?H„ ZT ? I" 0 ' 6356 a ' tranS,6r be ' Ween ,hS h6at ,ranSfer ,luids and the reactante a "« catalysts Although the 
,nn Z T Jk P ? Ca ?' '° SOme eX ' ent com P ensa,e ,or the cha "9es in temperature induced by the heat of reac 
ton the indirect heat transfer arrangements are not able to offer the complete temperature control that would benefit 
many processes by maintaining a desired temperature profile through a reaction zone 

th». «T V 7 dr °i arb ° n co ™? rslon Presses will operate more advantageously by maintaining a temperature profile 
that differs from that created by the heat of reaction In many reactions, the most beneficial temperature profile will be 
obtained by subs.ant.ally isothermal cordons In some cases, a temperature profile directionaMy opposite to tUe em 
perature changes associated wrth the heat of reaction will provide the most beneficial conditions An example of such 
a case ,s in dehydrogenation reactions wherein the selectivity and conversion of the endothermic process is improved 
by having a rising temperature profile, or reverse temperature gradient through the reaction zone 

A reverse temperature gradient for the purposes of this specification refers to a condition where the change ,n tem- 
perature through a reaction zone is oppos.te to that driven by the heat ,nput from the reaction. In an endothermic reac- 
nfTta ZT* tempe / a,U ' 6 9 radlent would mean ,ha < tne avera 9* temperature of the reactants towards the outlet end 
of the eaction zone have a higher value than the average temperature of the reactants at the inlet end of the reaction 
zone. In an opposite manner, a reverse temperature gradient ,n an exothermic reaction refers to a condition wherein 
reactants towards the inle, end of the reactor have a higher average temperature than the reactants as they pass towa d 
the outlet end of the reaction section 

It is an object of this mverrt.on to provide a reactor that offers greater temperature control of reactants by the indirect 
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heating or cooling of a reaction streanTby a heat exchange fluid within a reaction zone. 
■ It is a further ob,ect of this invention to provide a process and apparatus used for indirect heat exchange of a reac- 
tant stream with a heat exchange stream for controlling the temperature profile through the reaction zone. 

Another ob,ect of this invention is to provide a process that uses indirect heat exchange with a heat exchange f luid 
S to maintain substantially isothermal conditions or a reverse temperature gradient through a reactor. 

It is a yet further ob,ect of this invention to provide a reactor arrangement and process that facilitates the continuous 
transfer of catalyst through a reaction zone that indirectly contacts a reactant stream with a heat exchange fluid. 

RRIFF SI IMMARY OF THE INVENTION 

This invention is a chemical reactor and a process for using a chemical reactor that employs an arrangement of 
heat exchange plates within the reactor that will maintain reactor temperatures within a desired range during jibe reac- 
tion Two plate arrangement parameters are varied with the process and reactor arrangemen of this invent.on The 
Sates used in this reactor arrangement will have corrugations formed over the length of the plate far ^nj , heat 
,5 transfer across the plates. One of the plate parameters affected by th,s invention ,s the relative geometry of the corru- 
gations over different portions of the plates The other parameter controlled in accordance w„h this invention , a vari- 
ation in the number of channels, also expressed the spacing between heat exchange plates, over the length of a hea 
exchange zone in a reactor. By varying either or both of these parameters, applicants have disc overed than a vane ty of 
temperature profiles including substantially isothermal or even reverse temperature grad,ents can be achieved ,n a 

20 ' SaC Thls 2 ,nvent,on w,ll permit desired control of temperatures through a reaction zone. Preferably ,h,s invention will 
maintain the desired inlet and outlet temperatures within 1 0 °F and more preferably within 5 °F of desired temperature 
difference Where isothermal conditions are desired the inlet and outlet temperature are equal, such that one require- 
ment of the substantially isothermal conditions described in this invention is that the mean inlet and outlet temperature 
25 vary by no more than 10 °F and preferably by no more than 5 °F. 

A process and catalyst reactor arrangement that uses this invention may use single or multiple rearton ones 
within a reactor vessel The advantage of this invention ,s that the reactor vessel can provide the des ired t«rp«a^e 
gradient without intermediate withdrawal and recycling of reactants or heat exchange medium between the m etand 
outlet of the reactor. The multiple reaction zones within the reactor vessel can be used to accommodate variations ,n 
30 °he depth or pitch angle of the corrugations in the heat exchange plates or changes in the number of heat exchange 

Dlates that define the flow channels of the invention. 

Accordingly in an apparatus embodiment, this invention is a reactor for controlling temperature profiles in a reac- 
tion zone. The reactor has a plurality of spaced apart plates with each plate having an extended length and defining a 
boundary of a heat exchange flow channel on one side of the plate and a boundary of = 'eaction ' ™ * I on an 
35 opposite side of the plate Each plate defines first corrugations having a first depth and a first pitch angle ,n a first per- 
son of the plate and defines second corrugations in a second portion of the plate. The first plate por ion * spaced away 
from the second portion along the length of the plates The second corrugations have a second depth and second pitch 
angle wherein at leas, one of the second depth and pitch angle vanes from the first depth and pitch ™«PP"»- 
tus includes means for passing a reaction fluid along a firs, flow path through a plurality of the *^ 
40 defined by the plates The apparatus can also include means for contacting the reaction fluid with catalyst The , inverv 
.on also includes a means to passing a heat exchange fluid through a plurality of the reaction flow channels defined 
bv the plates along a second flow path. 

The primary control parameter of this invention that allows each individual reaction zone to operate at or near a 
desired temperature profile is a variation in the pitch angle of the corrugations Heat transfer enhancement provided by 
« conations", the trSn plates increases as the corrugations become transverse to the flow o, the hea ^ -change.^ 
For example, in the case of an endothermic reaction, arranging the corrugations ,n a more parallel fashion w th respect 
to the heat transfer fluid at the inlet of the reaction zone and the corrugations in a more transverse fashion toward the 
ou legend o the reaction zone will provide less heat transfer from the hea, transferfluid at the inlet side than auheou m 
side of the reaction zone In this manner, the increased heat transfer of the corrugations toward the outlet of the .react on 
so zone compensates for loss in temperature of the heat exchange fluid as ,t passes through the reaction zone The i pitch 
angle of the corrugations may also be varied to compensate for any increasing heat requirements necessitated by the 
stage of reaction within the reaction zone. In this manner the variation in corrugation pitch allows the single pass of heat 
transfer fluid to maintain a desired temperature profile despite any loss of heat transfer flu* temperature as it passes 
through the reaction zone. In more complex arrangements, i, may also be possible to alter the heat transfer coefficient 
55 atong the length of the reaction zone by changing the depth of the corrugations. However, the simples, and I primary 
means for controlling the temperature w„h,n the reaction zone is by varying the pitch angle of the corrugations from 
more parallel to more transverse with respect to the heat exchange fluid flow A<faran . 

Changes in heat transfer fluid temperature may be further offset by varying the number of flow channels .n d,«erent 
reaction sections of a single plate exchanger reaction arrangemen, For a given cross sectional flow area, increasing 
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ea"™r 1 ,h 1 8 ' ? SPaCe ° r 93P b6tWeen ^ ' nCreaSeS ,he numbe < °< ^ates and increases 

heat transfer By ,ncreas.ng the number of flow channels, the plate exchange surface area ,s increased relative to other 

ZTSVTT aC ? ,6Ve 9 COmP ' e,e aPPr ° aCh t0 ,he ma * imum ten^erature o, the heatTan^rl^ C ca 
ton of the flow channel vanatron to an endothermic reaction would pass the healing fluid into a reactor and intoa'st 
s reaction section having plates def,n,ng a first number of flow channels For the purposes of this descnphon a eac on 

would then flow out of a first reaction section into a redistribution manifold and then into a second reaction sect™ hav 

.ants l e llT " °' Pla,6S T de " ne an ' nCreaSed °' "° P ChannelS fof the heating ,,uTd l",oMhe r eac 

tants^ In such an arrangement, the combination of P „ch angle variations .n the corrugations of each reaction secTon 
,c j^ ™** the des,red temperature profile w.th.n each reaction section and the increased he numbe- 0^ 0^ or 
1m of ZT m "™ ni ™ W6ra " ave ^ e 'emperatures from reactor section ,0 reaction section JZ a s ngtetys 
ton - reacon sections Both of these effects w,l, al.ow temperature conditions w,th,n a process .0 be beneSy con 

Accordingly, in a process embodiment, .his invention is a process for controlling the temperature of a reactant 
mJT th 3 reaCt ' 0n bY md,reC ' h6at eXCha " 9e Wlth a heat e * chan 9 e ««« -"oss a muitS of p ate de 

sefof Vnnn^ PaS f e f 3 hea< 6XChan9e ,IU ' d ' r0m 3 h6at e * Chan 9 e in,et to a "«« ^change outfeUhrough a hrs, 
!'tL? , a T 5 ° rmSd bV 3 ,irS ' Side °' the pla,es The process also P* ss <* * vacant stream from a reac 
tan. ,nlet to a reactant outlet through a second set of channels formed by a second side of the platTs The rea«an. 
stream may contact a catalyst in the second set of channels The process exchanges hJto£j^^^ 

tat h . 1 P ' P " Ch an9 ' e ' ° r corru 9 ati °" d «P* ^acent to the reactant inlet or the heat exchanoe inlet 
that differs from the pitch, pitch angle or corruga.,on depth ad.acent ,0 the heat exchange outlet or the eactant ou let 
The process may be useful in a w,de variety of catalytic reactions Th,s invention is most ben« arXl^at 

- tot rrT^T 55 haVi " 9 h ' 9h h6atS °' reaC "° n TypiCal react ™ s °< < h * «VPe are W^n oon^n r eal 
> tons that include; the aromatization of hydrocarbons, the reforming of hydrocarbons the dehy*oaenaton of 
hydrocarbons and the alkylaton of hydrocarbons Specific hydrocarbon conversion processes to wh'ch ,h! ^invention 
are suited include catatyto dehydrogenation of paraffins, reforming of naphtha feed streams aroma'za ton on 
hydrocarbons and the alkyla.ion of aromatic hydrocarbons aromatization of light 

The reaction zones for the process of this invention may indirectly contact the reactants w,th the heat exchanoe 

ocu^Vn 3 76 eC l i0n ThUS ' ^ ChamelS and ' nlet a ^ ° utle,s °< < he ^ones may be desTgned fot 

toZ h , T l " CrOSS ""° W °' reaCtant and heat excha "9 e ,luid P «^red process arrangements to prac 

icmg this invention w,ll pass reactants in cross-flow to the heat exchange flu,d Cross-flow of reaclantsts general ore- 
erred to m,n,m,ze the pressure drop associated with the flow of reactants through the reactor Forth,? Lso^ a cross 

The's^rT" b fn US6d '° P T de reaC ' an,S W " h 3 Sh0r,Sf ,I0W Pa,h — ^ reactonTone 
The shorter ftow path, particularly ,n the case o. the reactant stream contacting heterogeneous catalysts reduces 
overal pressure drop of the reactants as they pass through the reactor. Lower pressure dro™ have a wo f otd 
advantage ,n the processing of many reactant streams Increased flow resistance i.e.. pressure dror^ ^ ^ triTce" 
an operating pressure of a process In many cases, product yield 0, selectivity ,s favored by Wc^aZjeXe 
so that m,n,m,z,ng pressure drop w,ll also provide a greater yield of desired products In addition hXr c elu^d™ 
ra.ses the overall utility and cost of operating a process. 9 pressure dro P 

It is also not necessary to the practice of this invention that each reactant channel be alternated with * h ea . 

between each reactant channel to reduce the pressure drop on the heat exchange medium side When used for this 
pu, pose, a plate separating adjacent heat exchange channels may contain perforations 

tion oTthe in n v a ento b n° dlmen,S ' a ™ mentS ' and de,ails ° f ,he »™*°" d ^closed in the following detailed descrip- 
BRIEF DES CRIPTION OF THE DRAWINGS 

for th^rTu^^^ ° f 3 Ca,al) "' C reaCtl0n SeC " 0n 01 ^ a preferred d.recton 

this ,nve U nton iS ' ^ °' * tha ' * P ° r *° n °* ,he Channels ln the ™W 'eacton section of 

Raure 4 !s a tt^T ^Tf ^ °' " Ca,a ' y ' iC in with this invention 

higure 4 is a sectional view taken at section 4-4 of Figure 3 

of reacrstacks 3 diaQrammat,C view of a catalytic reactor of this -nvent.on with a star shaped arrangement 

F-gure 6 is 3 transverse section v.ew of the reactor arrangement represented in Figure 5 
Figure 7 ,s a transverse section view of an alternate interior arrangement for the reactor of Figure 5 
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F,gure 8 is a diagrammat.c elevation v.ew of a typ.ca! catalytic reaction stack form.ng the star shaped arrangement 
of Figure-5. 

. Figure 9 is a sectional view along the line 6-6 of Figure 8 

F.gure 10 is a diagrammat.c perspective v.ew of a catalytic reactor of this invention with a polygonally shaped 

arrangement of reactor stacks. 

Figure 1 1 is a section view along the line 1111 of Figure 10. 
Fiaure 12 is a section view along the line 12-12 of Figure 10. 

F.gure 13 is a partial diagrammat.c elevat.on v.ew of an alternate reaction stack arrangement according to th.s 
invention. 

Figure 14 is a section view along the line 14-14 of Figure 13 

Figure 15 is a transverse sect.on v.ew of another polygonal reactor arrangement accord.ng to the mvent.on. 
Figure 16 is a process flow diagram of a dehydrogenation process according to the invention. 

DETAILED DESCRIPTION OF THE IN VENTION 

By its very destgn the reactor according to th.s invention has the advantage of maintaining, with simple means, 
desired temperature profiles including isothermal or reverse gradient temperature conditions during the flow of the reac- 
tive fluid in the reactor, by means of a heat transfer medium. . ^ _ . . 

The process and reactor arrangement may use homogeneous or heterogeneous catalysts. Homogeneous catalyst 
wilt typically comprise liquid catalysts that flow through reaction channels along with the reactants and I are separated 
for recovery and recycle outside of the react.on zone. Th.s reactor arrangement provides part.cular benefits with heter- 
ogeneous catalysts that are typically reta.ned within the reactant channels by the corrugated plates and permeable 
members that reta.n the catalyst but permit the flow of reactants therethrough. In most cases, the heterogeneous cata- 
lyst will compnse particulate material retained between the plates and the reactor may be arranged to permit the con- 
t.nuous addition and withdrawal of particulate material while the reactor .son stream. 

The type and details of the reactor arrangements contemplated in the practice of th.s mvent.on .s best W^ated 
by a reference to the draw.ngs. Figure 1 is a schematic representation of a catalytic reactor sect.on designed to effect 
a catalytic reaction on a reactant fluid while using indirect heat exchange with a heat transfer fluid to ma.nta.n favorable 
react.on temperatures as the reactant fluid flows through the reaction section To th.s end, the catalyt.c react.on sec .on 
comprises a stack of parallel plates 10 of the type represented in Figure 2 Each plate 10 has a cen ra ^rt I2that 
forms inclined corrugations 13. Preferably each plate 10 will also conta.n smooth edges 1 1 that fac.l.tat « the a«emWy 
of multiple plates into channels Referring again to F.gure 1 , each plate 1 0 is stacked next to adjacent plates 0 to form 
two circulation systems, the first one A for a flow of a reactive fluid and the second one B for flow of an auxiliary fluid. 
Together Figures 1 and 2 define specific circulation systems A and B, wherein the reactive fluid and the heat exchange 
fluid respectively, flow in crossw.se direct.ons, i.e. perpendicular and through alternate channels formed between adja- 

Cent SuUable plates for this invention will comprise any plates allowing a h.gh heat transfer rate and which are readily 
formed into a stable corrugated pattern The plates may be formed into curves or other configurations but flat plates 
are generally preferred for stacking purposes. Th.n plates are preferred and typically have a th.ckness of from 1 to 2mm 
The plates are typically composed ferrous or non-ferrous alloys such as sta.nless steels. 

Referring again to Figure 2 variation in the corrugation arrangement is a preferred method for controlling the tem- 
perature profile. The plate arrangement for Figure 2 represents a typical corrugation pattern for an exothermic or endo- 
therm.c process. In order to maintain a substantially isothermal or rising temperature profile in such a preferred 
arrangement the heat transfer f lu.d flows downwardly through the corrugations on one s.de of the plate and the reactant 
stream flows horizontally across the plate on an oppos.te s.de. At the upper inlet end the pitch angle of the corrugations 
is small , e the principle direction of the corrugations approach a parallel al.gnment with the heat exchange fluid flow. 
At the lower end of the plate where the heat exchange fluid exits, the pitch angle of the corrugations is wide to increase 
relative heat transfer, i.e. the pr.nc.ple direction of the corrugations approach a perpendicular or transverse alignment 
with respect to the hat exchange fluid flow. Corrugat.on pitch angles can be in a range of from greater than 0 to less 
than 90- degrees. Typically the corrugat.on pitch angle from an inlet to an outlet section of a plate will range from abou 
10° to 80* and more typically in a range of about 15« to 60° In a particularly preferred arrangement, the plates will 
make an angle of less than 30- at the inlet end of the plate and an angle of more than 35° at the outlet end of the plate 
The varying corrugations may he formed in a continuous plate section or the plate section of the type shown ,n Figure 
2 may be made from several plates having corrugations at different pitch angles 

The corrugated plates may be spaced apart or positioned aga.nst adjacent plates to form the alternate flow chan- 
nels Narrow spacing between the plates is preferred to maximize heat transfer surface Preferably the corrugation pat- 
tern will be reversed between adjacent plates in a reactor sect.on In this manner the general herring bone pattern on 
the faces of oppos.ng corrugated plates will extend in opposite direct.ons and the opposing plate faces may be placed 
in contact with each other to form the flow channels and provide structural support to the plate sect.ons. 
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The camt^rtirLTt n I*** C " CUla,eS ' ' nC ' UdeS 3 he,ef °9 enous catalyst in the form of particles. 

l^LtlTXesZlZ7r 9ra,ns °* a sma " 5126 The part,c,es ma ' ,ake " *°> ^ °< ** — * 

5 catalvs^rouah'!'^ TT* " TT '° ad ' n9 and Un '° adin9 ' ,he Cataly,,c reac,or ma * lnclude ™ a "* >°' Passing, 
catalyst through the reactant channels. Rgure 1 shows such means 31 . schematically represented for distributing cat 

K^c^sr A and in ,,s ,ower part - means 32 ' sd ~* ** ^ - a ^- 

m»n, F T'f , 3 4 r ^, resent a h '9 hl f thematic reactor arrangement of the invention showing a generated arrange- 

shown TLZT ' n, ° a ' ,e :: a,e Chame ' S " n ° rder '° me ***** < he corrugations havf no, been 

aSp^i ? 7? n P3CefS attaCh6d ' 38 re P resen,ed Fi 9^e 3, by a suitable method such as welding 

2 T °' Tff, 1 ° to torm ChamelS 2 °- Which are °P en al0 "9 "W»* vertical Sides the reactor arrangement 
for the flow of reactant fluid as shown by arrows A (system A), and channels 30. wh,ch are open at the top and bottom 
of the reactor arrangement for the flow of heat exchange fluid as shown by the arrows B (system B) 

When flowmg through particle containing channels 20 of system A, the reactant fluid undergoes a catalytic reaction 
>-< accompanied by a liberation or an absor P „on of heat The function of the heat exchange fluid SJSS 
to convey the hea, to be added to or removed from the reactive fluid, ,n order to maintain favorable rea«ic^ covins 

the rlTJ? '° nS r a9a ' n ' nClUde ' S0,hermal COr * i,i0nS dmn9 ,he Clrcula "° n °< the afore-mentioned reactive flddTn 
onZt^r ^ 3 reVefSe tempera,ure 9 radien< The heat exchange fluid is either a gas or a liquid depending 

on the specific operating conditions of each process. uwpenuing 

20 inn f PeC f iC k T tranSf6r re ' at,0nSh,p for the P ,ate ^ange ,s established by the fundamental equation express- 
ing heat transfer between two fluids This relationship is as follows: equation express 

P = h x S x LMTD 

25 where: 

P <? *!? am TJ ° f h6at exchan 9 ed ' h 15 the 'ocal or overall heat transfer coefficient, S is the heat exchanoe area 
between fluids, and LMTD ,s the logarithmic mean temperature difference exchange area 

point^onXTa't; " 6 " t6mperatUre 15 ^ determ '^ * the desired temperature difference at any 

or JL°rln r? f ° f ? rU9a !f P ' ateS d6f ' ninQ altemate Channe,s of catal * st P artlc,es and h eat exchanger fluid the local 
or overall heat transfer coefficient can be calculated by using the following equation. 

h = f(a.e.dp) 

d,ame«e^ e , r :a a ,a^s h , e pa^e a s n9,e " * * ^ ^ Pla,eS 1 °' ^ * ls < he «^'«« 

trar^Zf * °' h 66 es,ab,,shed b * modeli "9 or computed using known correlations tor establishing heat 

tians e- coefficients over corrugated surfaces and. where present, through particle beds Correlations for localized 

<o ZTro "*? Pa "' Cle b6dS ^ ,0md LeV3 ' lnd E " 9 Chem ' 42 ' 2498 < 19 *°> Correlates £ hea fns e 
<o along corrugations are presented in AlChE Symposium Series No 295 Vol. 89 Heat Transfer Atlanta (1993! 

The area of exchange between the reactive fluid and the auxiliary fluid can be calculated by us,ng the equation 

S = t x n x I x L 

45 nta,. Where . * ! S 3 =° rreC,IOn ,actor *° r the elongation of the plates resulting from the corrugations n is the number of 
plates ,n contact w,th both heating and reactant fluids. I ,s the plate width, and L is the plate length 

aationrthTrnvinfonT ber / P ' a,6S T *" Charac,erista °< ,he corrugations, especially the pitch angle of the corru- 
gations. the invention provides means for maintaining desired temperature conditions in the reactant fluid flow direction 
As shown ,n the embodiment of Figure 3, the means for controlling and maintaining temperature conT^con 
A anri th^h" 9 . S6Ct r * 1 a ' 1 b ' 1C ' 23 4b ' 4C °* h6at between « he ^ant fMd drcu.aTng n system 

4 b 4 c ! ^ ?T^ 9e T C ' rCUla " n9 ' n SyS,6m B R9ure 3 ' the d,s,lnc ' heat ««*ana* sections ,a 1b u Ta 
rows 12 3 T, «T S '" reaCtant " U ' d " 0W direC,i ° n and ,he hea « e * chan 9 e ,,uld erection, so as to form 
ows 1 , 2 3. and 4. and columns a. b. and c. In other arrangements of this invention, these distinct hea. exchanoe Zc- 

ss Can , , S !' bU,ed SOle ' y ' he reaC,ant * IU ' d "° W d " 01 sole 'V the heat exchange flu d Mow direct The 

55 total number of distinct reaction sections defined in the entire catalytic reactor of Rgure 3 is obtained "multolyina^e 
number of rows 1 . 2. 3 and 4 by the number of columns a. b and c All the hea, exchange sections of a^rTcu ar row 
have the same vertical height and all the heat exchange sections of a particular column have the same honzol w X 
Varying the number of plates 10 as represented in Figures 3 arxf 4 increases the heat exchange ,n the Ngher num- 
bered rows or lowered lettered columns by adding hea. exchange areas between the reactan, f,u,d and the h e ", 
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exchange fluid in each of the afore^t.oned sect.ons. To obta.n a variation of heat exchange within sections 1a. 1b. 
i c 2a 2b 4b 4c th.s invention modif.es each of these sections by preferably varying the p.tch angle of the corruga- 
tions As represented in F.gure 2. the pitch angle of the corrugations 13 can be more parallel .n relation to the reactant 
fluid flow direction where a high transfer coefficient is required, and more transverse to the fluid flow direction ,n the heat 
5 exchange areas where a low transfer coefficient is required. 

The number of plates 10 can increase or decrease from the entry to the exit of the react.ve fluid. Figure 4 shows, 
as an example, a variation of heat exchange sect.ons from a large number to a small number of plates 1 0 along the flow 

path of the reactive fluid. . c 

Where the invention uses a heterogeneous catalyst, the catalytic reactor includes means for containing catalyst 1 5 
10 in the channels 20 of the react.ve fluid circulation system A. As shown in Figures 3 and 4, the catalyst containing means 
can cons.st of grids 16 placed on either s.de of channels 20 in each heat exchange area 1a, 1b, 1c 2a. 4b. 4c. These 
qnds 16 cover the whole width of channels 20. and the mesh s.ze of each grid is infer.or to the catalyst 15 gram s.ze. 

In add.t.on where the catalytic reactor of this invention uses a multiplicity of distinct heat exchange sect.ons (1a, 
1 b 1 c 2a 4b 4c) means for mixing and distribut.ng the reactive and/or the hat exchange fluid are provided As shown 
in Figure 4, these means consist of connecting distribution spaces 21 located between the afore- mentioned heat 

Figures 5 and 6 diagrammatical I y show a more specrf .c embodiment of a complete reactor arranged according to 
this invention. The reactor contains multiple reaction stacks with each stack containing multiple reaction sect.ons. The 
reactor effects catalytic reaction of a horizontally flowing reactant flu.d under controlled temperature conditions, by indi- 
rect contact w.th a vertically flowing heat transfer fluid while permitting movement of catalyst through the reaction 
stacks 

The reactor comprises a vessel, of circular cross section, des.gned in its entirety by the reference 31 and shown by 
the dot-dash lines in Figure 5. The vessel 31 includes a head 32, for example of hem.spher.cal shape on which 
emerges a nozzle 33 for supplying heat exchange fluid, and a bottom head 34, for example of hemispherical shape, on 
25 which emerges a nozzle 35 for outlet of the heat exchange fluid. 

As shown in F.gure 6 the catalytic unit .ncludes two concentr.c walls 31 a and 31b which are arranged inside vessel 
31 and between which walls are arranged reaction stacks 36. Reaction stacks 36 are vertical and d.stnbuted in a star 
configuration between walls 31a and 31b of vessel 31 Figure 7 shows a var.at.on of Figure 6 wherein vessel 31 consti- 
tutes outer wall 31a The number of reaction stacks 36 is preferably an even number and, in Figures 5-7, is equal to six. 

The sides of react.on stacks 36 define a portion of feed zones 37a, 37c and 37e arranged alternately between 
stacks 36 for distributing the reactive fluid and a port.on of recovery zones 37b, 37d and 37f arranged alternately 
between stacks for recovering the reactive fluid Upper parts of the zones 37a, 37b 37f are blocked off by honzontal 
plates 38 each arranged between the reaction stacks 36, and the lower parts of the zones 37a, 37b . 37f are blocked 
off by horizontal plates 39, each arranged between the reaction stacks 36. The star arrangement gives each zone 37a. 
37b 37f a tnangular prismatic shape, w.th one of the apexes oriented towards the ms.de of the vessel 36. In other 
embodiments, not shown, each zone 37a 37f may be d.v.ded by a vert.cal wall into two half-zones w.th the subdiv.ded 
parts of the zones providing one feed zone and one recovery zone 

The feed zones 37a 37c and 37e are joined to means for inlet of the reaction flu.d, wh.ch in one form compr.ses 
pipes 42. and the recovery zones 37b. 37d and 37f are joined to means for discharging this reaction fluid wh.ch in one 

fo. ™°™£* e P ,p ^ ures 8 and g each reaction stack 36 compr.ses a plural.ty of parallel plates 40 The plates 40 are 
arranged perpendicular to the rad.us of the vessel 31 and extend downwardly through each of the react.on stacks 36. 
Each plate 40 forms, together with the adiacent plates 40, the previously described circulation circuits A and B Chan- 
nels 43 contain horizontal flow through circuit A for the passage of the reactant flu.d and channels 44 contain vert.cal 

45 flow through circu.t B for the passage of the heat transfer flu.d. The c.rcu.t A for circulation of the react.ve fluid again 
contains a particulate catalyst 45. The reactor contains means for pass.ng catalyst into the c.rcu.t A of each react.on 
stack 36 and means for withdrawing catalyst from the c.rcu.t A of each reaction stack 36. As shown in the specie 
arrangement of Figure 5, catalyst feed pipes 46, the number of wh.ch is equal to half the number of react.on stacks 36. 
receive fresh catalyst particles. Each pipe 46 is divided into two sub-pipes 46a and 46b, that deliver catalyst part.cles 

so to the upper part of reaction stack 20 

A plurality of catalyst discharge pipes 47 are each connected with a lower part of each reaction stack 36 P.pes 47 
pass directly out of vessel 31 to improve catalyst removal Catalyst particles may be removed from the reactor e.ther 
periodically or continuously and returned to the reactor stacks after regeneration. 

Figures 5 and 8 show a d.ffuser 48 in the upper part of each react.on stack for distributing catalyst into c.rcu.t A and 

55 a collector 50 at the bottom of stacks 36 for withdrawing catalyst D.ffusers 48 may be fitted with internal baffles or cor- 
rugations 13 for distributing the catalyst. Each collector 50 includes internal baffles or corrugations 51 to regulate the 

flow of the said catalyst into pipe 47. „>„.„* 
Each react.on stack 36 .ncludes, in its upper part, at least one inlet for receiving the heat exchange fluid into c.rcu. 
B. The inlet may be a s.ngle opening. Figures 5 and 8 show react.on stack 36 having the inlet in the form of two lateral 
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bowl shaped inlets 52 each arranged on oppos,te s,des of the corresponding reac3stack 36 Inlet 52 opens to the 

n Z rr , pf , " h 'f K COn ' ainS ,he heat e * cha "°e fluid from f| uid nozzle 33 The heat exchange fluid is introduced 
into circuit B from inlet 52 by a distribution zone 52a. 

- ;, ea *'?l S ' aCk , 36 also »W>ically 'Eludes, in its lower part, at last one collector for recovering the heat 

exchange flud at the outlet of the circuit B Figures 5 and S.show each reaction stack 36 having two lateral collect 
53. each arranged on one s-de of the reaction stack 36 to receive heat transfer fluid from a recovery zone 53a 'hat com 
ouZn^: V Th \ C ° ,,eCtorS «*™™cate. via the open portion of the vesse, 31 b/ow plate 39 w th the 

outlet nozzle 35 for withdrawing the heat exchange fluid 

36a T 2^^1^VL S T1 Fi9Ur !! 5 9 Sh °" 8 e3Ch reaC " 0n S,aCk 36 d,vlded into a P'^'ty ° f taction sections 
. « )0 ' ned ,09e,her by in,ermed,ate connecting zones 54 Connecting zones 30 serve as 

redistribution manifolds to permit the segregated passage of the heat exchange fluid and the catalyst between The var 
ious reaction sections 36a, 36b, 36c and 36d e a 

31 RaS fT^l^T T** r l f aCtan, " Uid ' h6at eXChan9e " UK1 and < op,l ° na "* ^yst »e reactor 

31 Reactant fluid enters reactor 31 via the pipes 42. passes into the feed zones 37a, 37c and 37e then passes hon- 

Zil 41 f T S,aCkS 36 ^ C ' rCUit A emer9SS ,hS ZOneS 37 " 37d and 37 

Pipes 41 subsequently discharge the reactant fluid. The heat exchange fluid enters the upper part of the vessel 31 via 

he nozzle 33, passes into the reactor stacks 36 via the inlet zones 52 arvd the distribute zone 52a The heat ex hange 

fluid I passes vocally through the reactor stacks 36 via the circuit B and ex„s the reaction stack 36 via the recovery 

ozzle 35 Z^TZZ™- Th Tf 6XC h han9e emer9SS ' n, ° ,he l0Wer par < ° f ^ ™* 31 and e^its "a the 
Mtullr 4R 1 i ' 1 . T!? °' 6aCh reaCti ° n S,3Ck 36 v,a ,he pi P es 46 ' the sub-ppes 46a and 46b and the 
diffuse 48 where,n the reactive fluid contacts the catalyst in the circuit A. Collectors 50 and pipes 47 periodically or con 
tinuously withdraw catalyst from the bottom of reaction stack 36 perioaicany or con 

reacllc^^^l^^^ Pf0, " eS WhHe reaC,am ,IUld PaSS6S ,hr ° U9h ,he cata ^' ° f each 
The of „SL T ■ 6aCh SeC " 0n VariSS ' he P ' ,Ch angle of ,he corrugations defined by plates 40 

The number of plates ,n each successive downwardly located reaction section 36(a-d) increases to progressively add 

stack 3 6 6 area " 96 b6,Ween reaC,l0n ,,UKJ and ,hS h6at SXChange " uid down < he le "9' h °< elZea^n 

Preferably, the reaction stacks 36 are kept under compression within vessel 31 by the heat exchange fluid The 
operaung pressure of the heat exchange fluid ,s typically regulated to a value slightly higher than tha, of the ret 2n 
HukI For th,s purpose, the heat exchange fluid usually f„ls the vessel 31 and surrounds the reaction smcte 36 
of a Jan™ 11 T' r"" 'TT ^ 36 ' here * n in a variet * °* dlfferent arrangements Another type 

Its of a v^^l 4 T 9Ure ° Pl3CeS ' he reaC, '° n S ' aCkS SUCh that ,he pla,es 40 are substantially parallel to me 
radius of a vesse 55. The arrangements of plates 40 parallel to the radius of vessel 55 provides a generally polygonal 
conjuration for the reaction stacks. The reaction stacks form a substantially circumferential ring w„h,n the realtor ves 

,H<= ! n nT 9 =.T I 0 " 12 ' P T 9 and dUC * arran 9 ements tol delivery and recovery of reaction fluids, heat exchange flu- 
Kfeand ca alysts are substantially similar to those described for the reactor arrangement of Figures 5-9 and all 

thr „ T T. n S « ^ 3 S ° Substantia "* slmilar '° ascribed Catalyst particles enter the reactor vessel 0 

ler 9 h ea ° d Z « 5 LZ U :% S me t0P , 0< reaCt '° n S,3CkS 36 ' ' he Ca,a,ySt into the "***™ «a*s^s 

%£i£?J?' ? 57 »" h *aw catalyst from the reactor stacks 36' through a collector of the type previously 

of ve seTss^eat ^ ™** 55 ,h '° ugh a n °" le and 

tn ^L I . en,6rS ,he reaC " 0n S,aCkS 36 ' ,hrouah a inlet 52 ' and Passes through adjoining reac- 

tion sections by connecting zones 54' Collectors at the bottom of reactor stacks 36' discharge the heat exchange flurt 
into a collection manifold 61 Pipes 62 withdraw heat exchange f.u.d from manifold 61 Pipes « collects heat exchange 
fluid from pipes 62 to withdraw the heat exchange fluid from vessel 55 Additional details of man°« 6! andXs 62 

65 Nozzle 64 7: :.^ ^ ^ rSaC,i0n VeSSe ' 55 «™ an ' nlet <™«* « 'o an outlet nozzle 

tnartct h , d ' St " b T S reaC " 0n " U ' d '° mul,iple dis,r,butor P ipes 66 Ea * distributor p,pe 66 delivers reaction fluti 

"o ,h r rvl n ef5s m ^, h f f^r 10 " Chamb6r 67 CWerS ,hS Side °* eaCh feac,ion s ' ack 36 ' ,ha < 'ac es he ,me 
nor of the vessel 55 Distribution chambers 67 have a closed bottom that forces the flow of reaction fluid across each 
reaction stack 36' and into a collector 68 that seals an opposite face of each reaction stack 36' The uppTZto To, 
eachcollector 68 ,s closed to direct the exiting flow of reaction fluid into conduits 69 for collection and w.SawX n0 z 

U n J1 l an0,he^ ^T b0d '!^! n, Sh ° Wn F ' 9U ' eS 13 and 14 ' ,he react0 ' s,acks 36 ' are connected ,nto a substantially pol- 
*" f n ^ h ° USed b * ' eac,or vessel 55 p 'a.es 70 shown in Figure 1 4 define an inner distribution space 7, for *e 
reaction fluid As shown ,n Figure 13. an upper baffle 72 and a lower baffle 73 form the upper and lower boundaries ol 
distribution space 71 The reaction fluid enters the distribution space across upper baffle 72 via n^Te 64 Tnd L s 
from inner distribution space 71 into a outer collection space 74 Outer collec„onspace 74 eliminates he nece^tyTo 
ollection p, P ,ng and the reaction fluid exits the vesse, directly from an open nozzle 65 (no, shown). Un.ike the pfev ous 
reactor conjurations, the embodiment of Figures 13 artf 14 shows the reaction fluid surrounding the reacton stacks 
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36" A baffle 35 together with baffle 33 isolates the upper portion of vessel 55 to form a distribute chamber for dehvery 
of the heat exchange fluid into inlets W in the manner piously described. The heat exchange fluid agar, exits the 
reactions stacks 36' through a manifold and piping system to substantially the same as that shown in Figures 10-12. 
Any flow bf catalyst practiced in the embodiment of Figures 13 and 14 occurs in essentially the same manner as that 

previously described. • 

Fiqure 1 5 shows an arrangement for reaction stacks 35' that combines the inlet distributor! space of F.gure 1 3 and 
14 w.th the collection baffles shown in F.gures 10-12. In the arrangement shown in Figure 15, any catalyst flow again 
occurs in the same manner as that previously described In regard to reaction flu.d, .t flows into central chamber 71 ,n 
the manner associated with Figures 13-14 and is collected and withdrawn from the reaction stacks 36 in he manner 
associated with Figures 10-12 With the arrangement of reaction stacks as shown in F.gure 15. the flow of heat 
exchange fluid through the reactor may be controlled w.th two different p.p.ng and baffling , arrangements. The enter ng 
heat exchange flu.d may surrourxJ the reaction stacks 36' arxi fill the .nter.or of vessel 55 while a manifold I systerr similar 
to that depicted in F.gures 10-12 w.thdraws the effluent heat exchange flu.d. In another arrangement, baffles such as 
those dep.cted in Figures 13 and 14 seal off an upper volume of vessel 55 to distribute incoming heat exchange fluid to 
inlets 52 while the effluent heat exchange flu.d surrounds reaction stacks 36' and is w.thdrawn from the open lower vol- 
ume without the use of any manifold or piping system. 

Catalytic reforming is a well established hydrocarbon conversion process employed in the petroleum refining indus- 
try for .mproving the octane quality of hydrocarbon feedstocks, the primary product of reforming being motor gasoline. 
The art of catalytic reform.ng is well known and does not require extensive description here.n. Briefly, in catalytic reform- 
,ng a feedstock is admixed with a recycle stream comprising hydrogen and contacted with catalyst .n a reaction zone 
The usual feedstock for catalytic reform.ng is a petroleum fraction known as naphtha and hav.ng an m.t.al boiling point 
of about 180 °F (80 °C) and an end boiling point of about 400 «F (205 °C). The catalyt.c reform.ng process is particularly 
applicable to the treatment of stra.ght run gasoline comprised of relatively large concentrations of naphthenic and sub- 
stantially straight chain paraffin.c hydrocarbons, wh.ch are sublet to aromat,zat,on through dehydrogenat.on and/or 
cyclization reactions. Reform.ng may be defined as the total effect produced by dehydrogenat.on ^^^ra 
dehydro.somer.zation of alkylcyclopentanes to y.eld aromatics, dehydrogenat.on of paraff .ns to y.eld olefins dehyd o- 
cycl.zat.on of paraffins and olefins to y.eld aromatics, .somer.zat.on of n-paraff ins, .somer.zat.on of alkylcycloparaff ins 
to yield cyclohexanes. isomer.zation of subst.tuted aromat.cs. arxi hydrocrack.ng of paraff.ns^ Further information on 
reforming processes may be found in. for example, U S Patent 4.119,526 (Peters et a!.); 4,409,095 (Peters); and 
4 440 626 {Winter et al). the contents of which are herein incorporated by reference. 

' A catalytic reforming reaction is normally effected in the presence of catalyst particles comprised of one or more 
Group VIII noble metals (e.g., platinum, iridium, rhod.um. palladium) and a halogen combined with a porous earner, 
such as a refractory .norgan.c ox.de The halogen is normally chlorine. Alumina is a commonly used carrier. The pre- 
ferred alumina materials are known as the gamma, eta and the theta alum.na w.th gamma and eta alum.na g.v.ng he 
best results. An .mportant property related to the performance of the catalyst is the surface area of the earner. Prefer- 
ably, the carr.er will have a surface area of from 1 00 to about 500 m^/g The part.cles are usually sp hero. da , and have 
a diameter of from about 1/1 6th to about 1/8th .nch (15-3.1 mm), though they may he as large as 1/4th men (6.35 mm). 
A preferred catalyst particle diameter is 1/1 6th .nch (3.1 mm). During the course of a reforming reaction ca alyst part.- 
cles become deactivated as a result of mechan.sms such as the deposition of coke on the part.cles; that is .after a 
penod of time in use, the ability of catalyst part.cles to promote reform.ng reactions decreases to the point that he cat- 
alyst is no longer useful. The catalyst must be reconditioned, or regenerated, before it can be reused in a reform.ng 

PrOC m 5 preferred form, the reforming operat.on w.ll employ a mov.ng bed reaction zone and regeneration zone. The 
present invent.on is applicable to mov.ng bed and fixed bed zones In a moving bed operat.on, fresh catalyst part.cles 
are fed to a react.on zone by gravity. Catalyst is withdrawn from the bottom of the reaction zone and transported to a 
regeneration zone where a multi-step regeneration process .s used to recondit.on the catalyst tc .restore , its reason 
promoting ability. Catalyst flows by gravity through the various regeneration steps and then is withdra w « ^gen- 
eration zone ad furnished to the react.on zone Movement of catalyst through the zones .s often referred to as cont.nu- 
ous though in practice, it is semi-cont.nuous. By semi-cont.nuous movement is meant the repeated transfer of relatively 
small amounts of catalyst at closely spaced po.nts in time A moving bed system has the advantage of maintaining pro- 
duction while the catalyst is removed or replaced. 

Another preferred hydrocarbon conversion process is the alkylation of aromatic hydrocarbons. In a. omat.c alkyla- 
tion suitable aromat.c feed hydrocarbons for th.s .nvent.on include various aromatic substrates Such substrates can be 
benzene or alkylated aromat.c hydrocarbons such as toluene. The acyclic feed hydrocarbon or 
may be used .n the alkylat.on react.on zone also encompasses a broad range of hydrocarbons Suitable abating 
agents include monoolef.ns, diolef.ns, polyolef ins. acetylenic hydrocarbons and other subst.tuted hydrocarbons but are 
preferably C 2 -C 4 hydrocarbons. In the most preferred form of th.s .nvention, the alkylation agent w.ll compr.se C 2 -C 4 

m °TwKle S var.ety of catalysts can be used in the alkylat.on react.on zone The preferred catalyst for use in th.s .nven- 
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" " f ^ ™ e catalyst of ,hls " lven »°" usually be used ,n combination with a refractory ,norgan,c 

° '5 °* J ' h Pre,err f ( bincie i rs are alum ' na °' silica. Preferred alkylate catalysts are a type Y zeolite hav.ng a alumina 

sot •/ nHht ^ ? f" e haV ? " a ' Umina ° r S "' Ca b ' nder The zeoll,e wl " be P*™* an amoumof at leas" 
50 wt.% of the catalyst and more preferably in an amount of at least 70 wt % of the catalyst 

fro m ? 0 o a r y ,^=r aC, '? h n ,r e °f Sra,e Und6r 3 br0ad ran9e °' ° pera,in 9 c ° n d*ons Temperatures usually range 
from 1 00 C to 325 C w,th the range of about 150-275" C be,ng preferred Pressures can also vary w,th,n a wide range 
of about 1 atmosphere to 130 atmospheres S,nce liquid phase conditions are generally preferred within the reacton 

1 1 , * T R6aC,antS 9eneral * f ss thrau 9h the alkylate zone at a mass flow rate sufficient , 0 yield a ™ 
u,d hourly space velocity from 0.5 to 50 hrs'' and especially from about 1 to 1 0 hrs ' 

nvJUZ a ' k ( yla, 'T Z TV S , °' dinar " y ° Perated '° 0bta,n a essen ' ial| y complete conversion of the alkylating agent to 
monoalkylate and polyalkylate To achieve this effect, additional aromatic substrate will usually be charged to the reac 
,on zone Thus, the feed mixtures are introduced into the reaction zone a, a constant rate and a molecula^ra^ o Z. 
, o20 ^ ar ~ substrate to alkylatmg agent with a rat,on of about 21 to 10:1 being preferred As a res* Tn ad£ 
t,on to product there will usually be a substantia, amount of unreacted aroma„c substrate "hat ,s removed 

^^7^^^T^^ A T ona ' de,a,ls of aroma,lc alkyla,ion processes can be found U.S. 

ratent b.l Z7.285, the contents of which are hereby incorporated by reference 

Catalytic dehydrogenation is another example of a endothermic process that advantageously uses the process and 
apparatus of th,s invention. Briefly, in catalytic dehydrogenation. a feedstock is admixed with a recyc^ stream compos 
ing hydrogen and contacted with catalyst in a reaction zone Feedstocks for catalytic dehydrogenatio IS 
petroleum fractions comprising paraffins having from about 3 to about 18 carbon atoms Particular feedstocks wiN usu 
comn?,, a 'n Jr=l 0r H 6aVy P T mS F °' eXamP ' e 3 USUa ' ,e6dS,0Ck tor producin 9 a heav * dehydrogenation products will 
theTratm^t f h ri J. T m ° re Carb ° n a '° mS Th6 Catal/ " C d^drogenation process is particularly applicable to 
the treatment of hydrocarbon feedstocks containing substantially paraffin.c hydrocarbons which are subject! , dehydro 
genation reactions to thereby form olefinic hydrocarbon compounds oenyaro 

mor e A ^ 0 l y, vi,fnnN r09e r, ,i0 , n reaCt !° n iS n0rma " y ef * eC,ed " the preS6nCe 0f ca,a '^ par,icles composed of one or 
more Group VIII noble metals (e.g.. platinum, indium, rhodium, palladium) combined with a porous carrier such as a 
refractory morgan* oxide Alumina is a commonly used earner The preferred alumina materials are known as the 
gamma, eta and theta alumma with gamma and eta alumina g,v,ng the best results Preferably, the carrier ™N have a 

1/16th to about l/_th inch (1.5-3 1 mm), though they may be as large as 1/4th inch (6.35 mm) Generally the catalvs 

^ ^ 800,7,6 deact,va,ed as a re ^'< of coke deposition and require regeneration similar to 

that described ,n con.unction with the reforming process; therefore, in preferred form, the dehydrogenation p ocess win 
again employ a moving bed reaction zone and regeneration zone process win 

0 O^tTia'^T COn ^'° n , S 3 tempera,ure of ,rom ab °"< "°0° to about 900" C , a pressure of from about 

001 to 10 atmospheres and a l,qu,d hourly space velocity (LHSV) of from about 0 1 to 100 hr ' Generally for norma 

I Z 'Z. H 6 6 m ° ,eCUlar We ' 9m * he hi9h6r the,em P«' a t^ quired for comparable conversions The pressure 

2mil, ^ ' S maima,ned 35 ' OW 35 practicab <* «*i«ent w„h equipment limitations, to maxim^e the 
chemica equilibrium advantages The preferred dehydrogenat.on conditions of the process of this invention ,ncM e a 

^^z^z c a pressure ,rom about ° 1 ,o 5 a,mosphe - - a hc^ss: 

The effluent stream from the dehydrogenation zone generally will contain unconverted dehydrogenatable hydrocar- 
bons hydrogen and the products of dehydrogenation reactions. Th,s effluent stream is typical y cooled and passS to 
the hvd?oT,r Para h r Z T .I 0 SePara,e 3 hydr °9 e "-- h va P° r ^ 1'°™ a hydrocarbon r,ch Nquid phase Sne^al ly 

^ . ? P ' S ,Urther S6Para,ed by meanS ° f 6lther a sultable selec »' ve ^sorbent, a selective sot 

vent, a selective reaction or reactions or by means of a suitable fractionation scheme Unconverted dehydrogenase 
hydrocarbons are recovered and may be recycled to the dehydrogenation zone Products of the dehydroge^on rec 
TH re H e K°H ered aS, ' nal Pr0dUCtS ° r 35 intermediate P"*ucts in the preparation of other compounds 
The dehydrogenatable hydrocarbons may be adm.xed with a diluent gas before, while, or after being passed to the 

?ke or , u^" Uem materia ' be hydr096a S,Sam ' methane ' carbon d '°"' de - nitrogen argonlnd the 

~,?T e f ere 5"- H * dro 9«' IS the ^ed diluent Ordinarily, when a diluent gas is utilized as the diluent „ ,s 
utilized ,n amounts sufficient to ensure a diluent gas to hydrocarbon mole ratio of about 0 1 to about 20 with best results 
be,ng obtained when the mole ratio range is about 0 5 to 10 The diluent hydrogen stream passed to'the dehyd ogen 

TnY:™:i i z: y be recyc,ed hydro9en separa,ed ,rom ,he ewiuent ,rom ili tTJZo- 

-fJ A ? t ? 3 m . a,eria ' Wh ! Ch decomposes at dehydrogenation condit,ons to form water such as an alcohol aldehyde 
ether or ketone tor example, may be added to the dehydrogenation zone, either continuously or intermittently in an 
amount ,o provide, calculated on the bas.s o, equivalent water, about 1 to about 20.000 weigh, ppm 
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feed stream About 1 to about 10.000 weight ppm of water addition gives best results when dehydrogenabng paraffins 
having from 6 to 30 more carbon atoms Additional information related to the operation of dehydrogenat.on caMysts 
opera'ng conditions, arxi process arrangements can be found in U S Patents 4,677.237; 4,880.764 and 5.087,792. the 
contents of which are hereby incorporated by reference 

5 

EXAMPLE 

The effect of using the process and reactor arrangements of this invention to ma.nta.n isothermal conditions was 
investigated in a hydrocarbon conversion process for the dehydrogenat.on of paraffins. A simulation based on the ability 
w of this invention to ma.nta.n isothermal conditions was prepared based on a feedstream having a composition given in 
Table 1. The isothermal cond.t.ons that result from this invention were simulated in a dehydrogenat.on process as 

depicted in Figure 16. T .,ui« 1 

In this process s.mulation, a feedstream carried via line 100 and having the composition g.ven in Table 1 passes 
into a heater 101 that ra.ses the feedstream temperature from approximately 600° F to 850° F. At the same time a heat 

is exchange medium having the same relative composition as feedstream 100 is earned via line 102 into a heater 103. 
Heater 1 03 raises the temperature of the heat exchange fluid to approximately 890° F 

A l.ne 1 04 carries the heated feedstream into a reactor 1 05 that directs the feedstream into a heat exchange bundle 
1 06 designed in accordance w.th this invention. Reactor 105 has an arrangement to pass the feedstream through a cir- 
cuit A containing a typical dehydrogenation catalyst comprising plat.num on an alumina support. A l.ne 1. 07 carr.es he 

20 heat exchange fluid from heater 1 03 into reactor 1 05 wh.ch passes the heat exchange medium downwardly through the 
heat exchange bundle 106 in the manner previously described in relation to circuit B. The process s.mulation of reactor 
bundle 1 06 is based on the use of a heat exchange bundle 1 06 hav.ng three layers of catalyst, a vert.cal he.ght of about 
1 5 m and a width of about 1 00 mm. The plates defining the channels which alternate between catalyst and ^stream 
and the heat exchange fluid have a thickness of about 1 .2 mm. corrugations with a depth of about 10 mm and a w.dth 

25 of about 270 mm. The plates are placed next to each other in an alternat.ng pattern of corrugations, such that the peaks 
of the corrugations are in contact. The reactor operates at an average pressure of about 20 psig .n both circuits A and 
B The total pressure drop through the system for the reaction fluid is about 2 psi. Indirect heat exchange of the reaction 
fluid with the heat exchange medium provides a outlet mean temperature of about 850° F. 

The converted reactant stream and the heat.ng stream are recovered from the process. The product stream 108 

so hav.ng the composition g.ven in the table is withdrawn from the reactor at a temperature of about 850° F. A line 109 car- 
ries the heat exchange medium from the reactor at a temperature of about 870° F. A compar.son of process streams 
100 and 108 shows the conversion of C 10 to C 14 paraffins to corresponding olefins. 
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TABLE 1 



Stream Description lb 
mole/hr 


100 


102 


1 r\Q 

I Uo 


Molar Flow 


14.7195 


15 2562 


86 4876 


H 2 0 


02044 


0 2044 


1 3073 


Hydrogen 


11 0421 


11.5787 


70.6316 


Methane 


0.0725 


0.0725 


0 4637 


Ethane 


0 141 1 


0.1411 


0 9027 


Propane 


00308 


0.0308 


0.1968 


n- Butane 


0.0093 


0.0093 


0.0592 


n-Pentane 


0.0026 


0 0026 


0.0165 


n-Decane 


0.3509 


0 3023 


1 4082 


n-Cl1 


1.4016 


1.1810 


56242 


n-Cl2 


1.0262 


0.8454 


4 1177 


n-013 


0.4162 


0.3340 


1.6701 


n-CU 


0 0207 


0.0161 


0.0829 


1-Nonene 


0.0000 


0 0001 


0.0000 


1-Decene 


00000 


0.0486 


0.0000 


1-Undecene 


0.0000 


0.2206 


0.0000 


1-Dodecene 


0.0000 


0 1807 


0.0000 


1-Tridecene 


0.0000 


0 0822 


0.0000 


Total: 


14.7195 


15 256 


86 4876 




Claims 
1. 



2. 



3. 



A catalytic reactor for controlling temperature profiles in a reaction zone, said reactor comprising: 

nttJ.?' P ' Ural ,H y 01 SPaCSd aPaft P ' a,eS haV ' n9 an ex,end6d len9th Wlth each P' ate defining flow channel 
boundar.es on the* opposing sides for defining a f, rs , multiplicity of flow channels and each plafe defining co^ 

o." « E^Tere* s^ 3 ? 6 ; 3 " fSt P ° r,,0n °* P ' a,eS and 3 S6C ° nd P ' tCh an °le ."a secor* P l on 
pLtes 3 POr "° nS SpaC6d a '° n9 ,he len 9 ,h of »« ,irst Plurality of 

bL a ^r j n Pl r M,y °' SPaMd aPa " P ' a,eS haV ' nQ 30 6X,ended len 9 ,h wi,h each P' ate fining channel 
saidtst mlo >T ° PP ° S ' n9 h Sldes , ,or defi ™9 a **»nd multiplicity of flow channels that vary ,n number from 
ZTn lZT ^ r^ nne ' S and eaCh P ' ate de " nln9 co "^ons hav,ng a first pitch angle in a first 

nf 11 T . i? UraWy °' P ' a,eS and 3 S6C0rXi P " Ch an9le in a second P° rt '°" of sa,d second plurality 
ofplates. where,n saKf first and second portions are spaced apart along the length of sa,d second plurality of 

l^ZZTl^TZ, 0 ' C ' a 'T 1 Where ' n Mid meanS for P 355 " 19 said reac,ion ,lu ' d ^vdes said reaction fluid 
ne^nd « < °* aPa " P ' a ' eS *» Para " el " 0W ,hrou 9 h ™« ««t group of flow Chan 

The catalytic reactor of claim 1 where,n sa,d means for passing sa,d heat exchange fluid d,v,des sa,d heat 
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exchange fluid between said f irtfand second plurality of spaced apart plates for parallel flow through said second 
group of flow channels and said means for passing said reaction fluid passes the reaction fluid serially through the 
first group of flow channels. 
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